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ABSTRACT

In recent years, there is a growing interest in the mechanisms of regeneration of damaged nerve tissue, including the spinal cord, as its injuries 
are quite common due to traffic accidents, industrial injuries and military actions. Damage to the spinal cord results in the loss of functional 
activity of the body below the injury site, which affects person’s ability to self-service and significantly reduces its efficiency. The effects  
of spinal injuries annually cause significant social and economic losses worldwide, including Ukraine.

The development of new treatments for pathologies of the central nervous system requires mandatory pre-testing of their effectiveness  
in experiments in vitro and in vivo. Therefore, searching and creation of optimal animal model of spinal cord injury is in order to it meets most 
complete picture of the damage characteristic of real conditions in humans. This is an important task of modern neurophysiology. Such models 
can be used, primarily, for a more detailed clarification of the pathogenesis of all levels of nerve tissue damage and research of its own recovery 
potential by endogenous reparation mechanisms. In addition, experimental models allow to estimate the safety and predict the effectiveness 
of various therapeutic approaches to spinal cord injury.
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The first priority in treating this pathological process is to create 
conditions for regenerative growth of injured nerve fibers through the 
injured area of the spinal cord or spinal nerves. Solving of this problem 
is possible by means of tissue neuroengineering involving replacement of 
natural tissue environment with synthetic matrix, stimulation and support 
of axonal regeneration growth and their myelination.

In this review, we systematically examine various options for spinal 
cord injury in rodents, which are the most available models for research 
and often used in experiments. Simultaneously we analyze the advantages 
and disadvantages of such models. We are focused on injuries of the 
thoracic division of the spinal cord, since they are most common in 
research and less deadly to laboratory animals [3]. The thoracic spine is 
more affordable to trauma modelling than lumbar, due to greater volume 
of epidural space, which makes the injury easier to perform, and it 
becomes possible to study the processes of functional recovery of neural 
tissue.

From pathogenic point of view on a spinal cord trauma, there are 
primary damaging factors, secondary pathological reactions and 
chronic processes. The most important primary factor of SC injury while 
mechanical damaging is its compression by displaced parts of vertebrae. 
Necrosis of central gray matter occurs within four hours after the injury. 
Degeneration of neurons and their processes appear in around 8 hours 

The effects of spinal injuries annually cause significant social as well 
as economic losses in all countries including Ukraine. Spinal cord injury 
in most cases is accompanied by considerable disability that creates an 
additional budgetary pressure. Among these patients, 80 % are men of 
working age. In addition to industrial and domestic accidents, a number 
of such cases is growing in conditions of military action. 

Considerable attention among the neurobiological and neuro-
physiological communities is focused on the findings the most adequate 
and integrated models of spinal cord (SC) injury, similar to spinal trauma 
in humans. However, models of complex injuries of the spine and spinal 
cord are accompanied by high mortality among the animals. In this 
regard, models that reproduce the individual pathogenesis of SC injury 
are being developed, although its pathogenetic stage remains a complex 
and multifactorial process. Therefore, proper selection of the model 
system to establish the molecular and cellular mechanisms of spinal cord 
injury is the key to a better understanding of the problem in clinic.

The consequences of spinal injury cannot be completely overcome by 
the regenerative potential of endogenous neural tissue. They evolve over time 
and manifest severe complications years after the injury [1, 2]. Therefore, 
the selection of adequate animal model of spinal cord injury in experimental 
condition will provide more detailed analysis of the trauma effects and 
choose the best options for improvement of damaged neural tissue.
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after the damage and necrotic changes in the white matter occur in 14-16 
hours [4, 5].

The important factor in the pathologic changes in SC after mechanical 
injury is demyelination of damaged white matter fibers. Thus, myelin 
sheath mechanical lesion causes autoimmune reactions with the 
formation of antibodies to myelin proteins and induction of secondary 
damage with demyelination of intact neurons. [6] On the other hand, after 
the injury there occurs necrosis caused by the initial injury, edema and 
ischemia in the first 2-3 days. Then, not only necrosis but also the loss 
of tigroid substance, fragmentation of neurofibrils, chromatolysis and 
peripheral dysplasia of nucleus are noticed in the damaged area in the 
surviving neurons on the 8th-10th days after injury[7-10]. There are signs 
of neoangiogenesis, hypertrophy and hyperplasia of all types of glial cells, 
already on 2-3rd day after the injury in the affected area, which coincides 
with the formation of glial scar, which at the end of 1-2 month is replaced 
by a connective tissue scar.[11].

Disorders of the electrical conductivity of nerve fibers and change of 
ions concentration in nerve cells and intercellular space are also noted in 
a few minutes after the injury, which is one of the causes of spinal shock. 
This increases the intracellular concentration of Na+ and Ca2+ as well as K+ 
concentration in the extracellular space [12].

Local bleeding, vascular tone changes in injury area are the leading 
causes of spinal cord ischemia and edema. Ischemia of damaged 
SC may be primary and secondary. Initial ischemia is caused by poor 
blood circulation at a damage of main spinal arteries, secondary – due 
to vasoconstriction under eicosanoids and products of cytolysis, as well 
as under increased tissue edema. Morphological manifestation of this 
damage is the ischemic shadow and semi-shadow formation. Ischemic 
shadow consist of the neurons that die due to ischemia and form a 
central zone (core) of ischemia. Ischemic semi-shadow (penumbra) is 
the neurons around site of damage, which have only functional but not 
structural changes. These neurons die by apoptosis at the border of the 
ischemic core, because normal blood supply is not restored in the injury 
zone. In 24 hours after the injury neutrophilic granulocytes appear in 
neural tissue, subsequently their number is significantly reduced. Number 
of macrophages and lymphocytes in contusion zone increases on 2-3rd 
day after the injury. Macrophages, microglia cells, oligodendrocytes, 
damaged neurons and astrocytes are a source of free radicals, which are 
formed during peroxidation of lipids, thromboxane A2, prostaglandins 
and inflammatory cytokines [12, 13]. Timely and comprehensive blocking 
of pathological molecular mechanisms that underlie these processes can 
reduce spinal cord injury, the severity of the early symptoms and long-
term effects of trauma.

Unlike other vertebrates, regenerative capacity of mammalian central 
nervous system is limited, however, so-called spontaneous recovery 
after spinal cord injury is inherent – launch of endogenous regenerative 
processes that include activation of astrocytes, differentiation ependymal 
cells into precursors, mesenchymal-epithelial interactions, increase of 
the expression of the intercellular space components and myelogenesis 
of reactive oligodendrocytes and Schwann cells. In addition, restoring of 
the vascular bed begins immediately after the injury, in particular during 
the early stages of the inflammatory process. Moreover, loss of axons 
(axotomia) starts activation of regenerative program of neurons survival, 
leading the increase in gene expression of proteins associated with 
the growth of neuritis, and cytoskeleton proteins such as b-tubulin III, 
peripherin and neurofilament proteins – NF-L, NF -M, NF-H. For axons 
growth in the right direction, reactive cells from surrounding neurons 
(mainly astrocytes) produce cytokines (IL-1), growth factors (NGF, BDNF, 
NT-3, NT-4, NT-5), factors enhanced cell survival (CNTF, FGFs), factors 
of growth cone attraction (netrin-1, netrin-2, netrin-4, netrin-G1) and 
others. Due to all of these expressions happen interneural sprouting, 
reorganization of the neural contacts network, reactive synaptogenesis, 
modified character of dendritic branching, providing partial restoration 
and compensation of lost physiological functions of the spinal cord 
affected area [14].

However, all the endogenous regenerative processes are inhibited 
in the absence of a sufficient number of components and disorder of 
intercellular substance composition. In this case, cells lack signals of 
directed migration and organization of local regenerative processes. This 
feature is inherent not only for nerve tissue, successful recovery of all 
damaged tissues and organs depends on the presence of intercellular 
environment factors. If interstitial components are saved, there is a 
restoration of anatomically and histologically normal tissue structures. If 
a significant part of the intercellular substance is lost, a scar is formed in 
the damaged site [15, 16].

Intercellular substance consists of a network of linked macromolecules 
that form highly hydrated gel-like structure that provides not only physical 
support for cells of the nervous tissue, but also the functional integrity of 
the organ. Due to the intercellular substance, the character of a number 
of factors and signaling molecules is required for normal functioning of 
tissues and regeneration if damage is controlled. Understanding of such 
processes contributed to the development of two methods of restorative 
neurosurgery: replacement cell transplantation and implantation of 
artificial substrates (scaffolds) for activation of endogenous cells division 
and migration [17].

MODELS OF TRAUMATIC INJURIES OF THE SPINAL CORD IN VIVO
Most studies that assess recovery of motor function after spinal cord 

injury use rats, cats and mice. In general, experiments with SC injury in 
vivo mainly use rodents.

Simulated SC injuries can be divided into several types:
• complete transection or removal of SC segment;
• incomplete transection or hemisection of SC segment;
• SC ischemia;
• photochemically induced SC injuries;
• different variants of SC compression and contusion.

Complete transection or removal of spinal cord segment. This 
operation is often performed on adult rats [18-20]. To study the 
regeneration differences between the newborn and adult animals, 5-day-
old rats are used also [21]. The same operation can be carried out on 
mice. Mature females are often used, since injury of urinary system 
function is significantly violated after SC, and the female bladder is easier 
to catheterize than the male one [22, 23].

Complete spinal cord transection is modelled after previous bilateral 
laminectomy at thoracic spine. For simple intersection cut for corresponding 
spinal cord segment is made, for complete segment removal two cuts is 
fulfilled above and below it. After the injury, hemostasis is attained and 
the wound is sutured layer by layer [18-24]. The advantage of this method 
is an easy reproducibility of an injury; exclusion of spontaneous neural 
plasticity, which greatly affects the regeneration; a small instruments’ kit 
is needed to perform injuries. The disadvantage is that this injury model 
is severe to animals resulting in high mortality, causing urinary tract 
dysfunction, which contributes to its further retrograde infection. After 
surgery, the animals require rehydration, introduction of analgesics and 
excretion of urine through the catheter. Despite proper care, animals still 
may experience complications, primarily in urinary tract work, in this case 
they should be euthanized. Sometimes there is a sudden death, even 
after a long postoperative period. It is believed that this may be due to 
dysreflexia at a level of the autonomic nervous system responsible for 
the heart work.

Incomplete transection or hemisection of spinal cord segment. 
Methods of such injuries modeling are similar with the model of complete 
intersection, but there are some differences. After laminectomy (usually 
unilateral), medial dorsal artery must be found and then half of SC 
should be detached from it without damaging (e.g. using a thin needle 
or scalpel). Then one or two incisions (above and below one segment) 
are performed, depending on the type of the modelled injury – a single or 
multiple laceration [25-32].
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also retain a part of motor fibers that are closer to midline [40]. Moreover, 
forceps or vascular clips use can vary the time of tissues compression, 
affecting the severity of the injury. Therefore, for greater accuracy and 
standardization of the model there is a special mechanical device that 
allows you to perform dosed in strength and limited in duration tissue 
compression.

The next model of compression is performed using a catheter with 
a flexible balloon introduced into the spinal canal along the spinal cord. 
When the balloon filled with liquid expands and presses the spinal 
cord to vertebrae, causing its compression damage. The peculiarity of 
this method is that the model allows to dose the extent of damage by 
regulating the volume of liquid that is given in the balloon for some time 
and the speed of its removal [44-47].

In 1911, Allan developed the first described simplest model of 
spinal cord contusion on dogs, which included weight dropped from a 
constant height on the SC dorsal surface [48]. Later, this technique has 
been recognized as the standard model of experimental SC concussion, 
which enables you to achieve varying degrees of severity of the damage 
to the nervous tissue, depending on the size of experimental animals and 
used equipment. The main advantages of this method are its simplicity 
and relative cheapness. The disadvantages include possible errors in 
calculations when applied to injuries that can lead to excessive collateral 
damage to surrounding tissues and organs until the death of experimental 
animals. None of analyzed papers does not specify how the spinal cord 
was fixed during the damage and, therefore, the impact of breathing and 
spontaneous movements of the animal can make a certain error in the 
model reproduction.

To simulate concussion of the spinal cord a variety of devices is 
used, from simple cheap to modern high-tech with specialized software 
ones to measure and calculate a wide range of parameters. The most 
common special equipment used to standardize modelling is New York 
University (NYU) impactor [49-52], Infinite Horizon Impactor [53-56], 
Louisville Injury System Apparatus (LISA) [57, 58] and Electromagnetic 
Spinal Cord Injury Device (ESCID) [59, 60]. The main advantage of all 
these devices is that they can simulate reliably and accurately an injury 
with possible estimation of many options, depending on the objectives 
of the study: the force and impact velocity, contact time of SC with the 
weight, tissue displacement distance, etc. When using these devices, it is 
very easy to adjust the severity of experimental injury along with its high 
reproducibility [59-61]. The disadvantages include relatively high cost of 
these devices and the need for specialized maintenance.

Models of compression or contusion damage in mice do not 
correspond with the following among people to some extent, as the areas 
of dense connective tissue are formed in the affected spinal cord. By 
contrast, when modeling such damage in rats, as in humans, only cysts 
filled with fluid are formed.

An important step after modeling spinal cord damage in vivo is to 
determine the functional activity of animals with various behavioral tests. 
This is for both to confirm the effectiveness of modelling immediately 
after the injury and to assess the recovery dynamics of spinal cord 
disturbed functions under the influence of applied treatment. In general, 
various options of the simulated injury in vivo can be grouped by similar 
mechanisms of SC lesion and certain behavioral tests are better for them. 
For example, to assess functional activity of animals at modeling spinal cord 
injury by ischemia, tests that assess the strength of limbs are more suitable: 
inclined plane test, rump height index [35, 37]. At a model of compression 
and concussion, tests with different sensitivity that determine restoration 
of the spinal cord motor functions are better suited to assess the functional 
activity of the animals after the injuries. They are rotarod test [44], Tarlov 
Scale [46], measuring joint angles with goniometer [49, 50], Louisville 
Swim Scale [50, 58], Horizontal Ladder test [51, 59], Basso mouse scale 
[53, 56, 60], BBB test (Basso-Beattie-Bresnahan) [42, 44, 45, 47, 49-52, 
55, 57-60]. As for injuries with complete, partial transection or segments 
removal, test BBB is most commonly used to assess functional recovery 
of animals with these types of injuries [25-32]. Damaged axons need to 

The advantages of this method are that you can compare the 
functioning and non-functioning limbs and determine when synergic 
coordination between the hind limbs or between damaged hind and front 
legs on ipsilateral and contralateral side appears during regeneration. This 
model of injury is not as severe as a complete transection because there 
is no damage to the anterior spinal arteries and, as a result, there is no 
bleeding. In addition, animals have no paraplegia of both hind limbs and 
urinary system is not disordered. This model reflects the real damage of 
this type in humans more accurately than the complete transection or 
segment removal. The disadvantage of this spinal cord injury model is 
that a part of the motor tracts is located medially and during the injury 
there may remain a small group of the undamaged fibers that distort the 
results of the recovery in dynamics.

Ischemic injury of spinal cord. Most studies using models of ischemia 
were carried out on mice aged 8-12 weeks [33-35]. Through the upper 
mediastinotomy in the area between the left common carotid artery and 
subclavian artery, the access to the aortic arch is opened and its occlusion 
is performed using clips. The advantage of this method is that such 
injury corresponds present in people ischemic SC injuries, for example, 
after plastic surgery of thoracoabdominal aortic aneurysm, or some 
pathological conditions such as systemic hypertension, severe anemia, 
poor circulation in SC and more. The disadvantages of such injury include 
difficult reproducibility, especially given the size of mice and arteries [33].

Photochemically-induced spinal cord damages. Illumination (560 
nm) of dorsal surface of SC causes excitation of photoreactive dye 
Rose Bengal injected intravenously. The photochemical reaction leads 
to decreased blood flow in the vessels, and as a result, to thrombus 
formation, accompanied by local ischemia with the death of neurons in the 
injured area and reactive astrogliosis with subsequent disorder of spinal 
cord motor function. This model can also be used to study the processes 
of post-traumatic syringomyelia – chronic disease characterized by the 
formation of cavities in spinal cord [36]. The advantages of this method, 
in our opinion, is that the photochemically induced damage is much 
easier to reproduce than, for example, ischemia by the aorta occlusion. 
The source of illumination may be a lamp from fluorescent microscope 
with appropriate filters, metal halide lamps with a certain wavelength or 
laser with a certain radiation intensity. Another advantage of this model 
is the ability to decide on the aperture of illumination for different size of 
lesion as opposed to great vessels clamping when distal part of the SC 
below the occlusion is completely affected. Moreover, this injury does 
not result in high mortality of animals and it may be possible to monitor 
the processes of inflammation and regeneration in spinal cord [37, 38]. 
The disadvantages of this method is that the model does not reflect the 
fullness of tissue damage characteristic of real conditions, in particular, 
there is no clear anatomic ischemic shadow and penumbra.

Different variants of spinal cord compression and contusion. There 
are many methods of SC compression, which differ in complexity of 
modeling. In the simplest form, as a traumatic agent is weight placed 
on the surface of the open spinal cord which weight causes pressure 
on the nerve tissue [39]. Such damages are easy to perform, but this 
model is not reliable. The degree of injury severity may depend on various 
factors such as the location of weight (because animals have a certain 
body shape that does not meet the parameters of flat surfaces), the 
frequency of respiratory movements that can shift its location and more. 
The substantial variability of damage from animal to animal suggests that 
it is not always possible to achieve complete paralysis of limbs.

The models described in the literature use spinal cord compression 
with forceps or vascular clips for some time. In particular, the holding of 
such clips for one minute in rats is sufficient to induce them paraplegia [41-
43]. The main advantages of this method is the simplicity and reliability of 
an injury. The main disadvantage is that some SC pathways may remain 
intact, for example, if the dorsal spinal arteries is not captured. There may 
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re-establish links with interneurons, motor neurons and effector organs, 
so it is often necessary to use additional techniques, based on a focus on 
accuracy of movements, including grid-walking test of locomotion [28] 
and the analysis of footprints [29].

IN VITRO MODELS OF SPINAL CORD INJURIES 
In 1991, L. Stoppini proposed to conduct culturing of neural tissue 

slices on a semipermeable membrane at the interface between air and 
liquid medium. This method of organotypic tissue slices allows to 
cultivate them for a long time, because replacing the liquid medium 
occurs without mechanical damage of explants, while leaving free access 
to the very tissue for its research in the dynamics [64]. In recent years, 
a range of scientific issues in normal and pathological neuroscience 
and regenerative medicine, solved through organotypic nervous tissue 
slice culture, is constantly expanding, and the method entered the  
list of available choices, which are used to study the pathology of the 
spinal cord.

Lately, the organotypic culture of spinal cord slices is actively used 
to simulate various variants of its damage in vitro, which has several 
advantages over the corresponding models in vivo. Firstly, experiments 
with organotypic cultures require a small number of animals to isolation 
of nerve tissue. According to the bioethics standpoint, in vitro systems 
are often necessary for the preliminary assessment of the probability and 
feasibility of further studies using large number of laboratory animals. 
The culture of organotypic slices allows you to explore the spinal cord 
for a long time, since the cuts are in a stabilized state and correspond 
to proper morphological characteristics, maintaining cytoarchitectonics, 
intercellular contacts and other features that are typical of native nervous 
tissue. At the same time, such a system is much more practical for 
precise and convenient experimental manipulation [65]. Compared to in 
vivo models, it enables one to explore not only cellular, but also molecular 
mechanisms, and allows to simulate a wider range of SC injuries [66]. 
In addition, the in vitro system of organotypic slices allows detailed 
examination of primary neuronal damage for better understanding of 
its long-term effects and the selection of optimal therapeutic agents to 
prevent repeated tissue damage.

In vitro models of spinal cord injury include:
• compression of organotypic tissue cultures;
• transection of organotypic tissue cultures;
• glial scar formation in vitro.

With damage to the axons of white matter, there are pronounced 
destructive changes in the spinal cord tissue. Such damage, in its turn, 
results in partial or complete loss of sensory and motor functions below 
the lesion site. The model of tissue contraction of spinal cord slices in 
vitro was developed for better understanding of destructive processes 
course in axons due to mechanical damage, the estimation of cellular 
mechanisms of functional restoration of the nerve tissue and the 
development of appropriate therapeutic approaches, a model of tissue 
contraction of spinal cord slices in vitro was developed [67]. The main 
objects for this model are organotypic cultures of cross-section of 
rodents’ spinal cord, which are damaged using a weight-drop technique. 
In addition, cultures of cells from SC tissue can grow on soft matrices that 
are subjected to mechanical compression, which indirectly affects other 
cells in a given culture [68].

Model of spinal cord tissue transection in vitro. A local tear of one 
or more of SC segments accompanies most injuries. The modeling of 
segment tears through their in vitro crossing is carried out on organotypic 
slices of the thoracic or lumbosacral division of rat’s spinal cord. Particular 
attention is paid today to in vitro models of injuries of the lumbar division, 
since it is precisely in the area with a powerful nervous system – a central 
pattern generator for locomotion of the lower extremities [70]. During 
cultivation, organotypic slices grow and tightly interact with each other’s 
side edges. In the simulation of the axonal SC incision in vitro, the actual 
cut of the nerve tissue is performed by the scalpel in the places of newly 
formed dense contacts between organotypic sections [71]. In order to 
simulate the degenerative changes occurring in the dissected nerve tissue 
under natural conditions, one of the stages of simulation of this trauma 
type is adding kainate to artificial cerebrospinal fluid (ACSF) [70, 71]. 
Kainate, like glutamate, can induce reactive astrogliosis. However, kainate 
is not a substrate for glutamate transporters and is considered 30 times 
more toxic for nervous tissue [73].

Another model of the axonal cross-section of the spinal cord involves 
the use of organotypic cultures of the neural tissue of newborn animals. The 
advantage of this model is that several sections of the SC are represented 
in the sections with the keeping of their neuronal cytoarchitectonics [69]. 

Model of glial scar in spinal cord slices in vitro. Glial scar is a 
pathological structure that is formed in the places of spinal cord breaking, 
and consists predominantly of «reactive» astrocytes. The first described 
model of the formation of a glial scar as a consequence of post-traumatic 
changes in the nervous tissue was the model with nitrocellulose inserts. 
Implantation of Millipore nitrocellulose membrane into the SC tissue of 
newborn rats causes the accumulation in the nerve tissue of growth-
activating molecules (laminin, collagen type IV and fibronectin) that 
induce reactive astrogliosis. In this way, the formation of a glial scar, 
which in adult animals is associated with the accumulation of extracellular 
matrix molecules (chondroitin-6 proteoglycan and cytotactin/tenascin) at 
the site of spinal cord tear [72].

To create a glial scar in vitro, morphological and functional changes 
in the nerve tissue are induced by direct exposure to toxic substances 
along with mechanical damage. It is believed that the combination of 
chemical and physical effects on SC tissue is more adequate for modeling 
of glial scarring. Moreover, for the induction of glial scar, the technique 
of immobilizing proteins on the 3D gel matrix is used to binding growth-
inhibiting molecules to it, which hinders the regeneration of axons. At the 
first time the model was developed on cerebral cortex astrocytes culture, 
including the addition of a transforming growth factor-β1 (TGF-β1), which 
inhibits the proliferation of fibroblasts and causes the formation of cell 
clusters, in which fibroblasts are surrounded by astrocytes. Such clusters 
accumulate the molecules of the extracellular matrix and axonal growth 
suppression molecules, which is characteristic of the natural formation 
of glial scar in vivo [74, 75]. There is also some data on the presence of 
the TGF-β1 factor, both in cells and in the extracellular matrix, precisely 
at the site of the spinal cord tear [76]. Therefore, in the near future there 
is the development of a model of a glial scar in the spinal cord in vitro to 
clarify the role of the TGF-β1 factor in the injury of the spinal cord itself. 
The advantage of such models is the ability to trace changes in the culture 
of astrocytes and their analysis in space and time.

REVIEW
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CONCLUSIONS

Thus, various patterns of spinal cord injury in vivo and in vitro are known today, which have their advantages and disadvantages related to the 
species of experimental animals, the severity of the trauma, the duration of the experiment, available behavioral tests to assess the recovery of 
impaired functions and many other factors. The urgent task of modern neurophysiology is not only the improvement of existing ones, but also the 
search and development of new optimal integrated models of spinal cord injuries that would correspond as closely as possible to the real damage 
conditions in humans. In this case, they must be stable and reproducible with the possibility of adaptation to the task of a particular experiment. 
Such models can be used, in the first place, for a more detailed estimation of possible mechanisms of damage to the nerve tissue and study of its 
own rehabilitation potential due to endogenous repair factors. 

In addition, new experimental models will assess the safety and predict the effectiveness of various therapeutic approaches in the treatment of the 
nervous system pathology, in particular, and the transplantation of stem cells from different sources. In this case, the simulation of individual parts 
of the pathogenesis of traumatic damage to the nerve tissue will enable the establishment of key points for the implementation of regenerative 
effects of cell transplants: enhancement of endogenous reparation, prevention of the development of inflammatory processes or the possible 
substitution of transplanted cells lost in the tissues of the recipient. In general, the results obtained in experiments on animals with simulated spinal 
cord injury in vivo and in vitro will become the basis for introducing new therapeutic approaches to the clinic.
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